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Introduction
Teacher quality is an important concern of parents and policymakers, as illustrated by the provision in No Child Left Behind (NCLB) requiring a qualified teacher in every classroom. But the definition of qualified has come under much scrutiny. For example, there is intense debate over whether alternatively certified teachers should be included under the heading of qualified teachers.
The challenge in defining quality teachers in NCLB illustrates a much more general concern in education: the inability to define and measure teacher quality. Recent evidence using administrative data suggests that the easily observable teacher characteristics such as experience, education, and certification are not strongly associated with student achievement in elementary school. 1 Rivkin, Hanushek and Kain [19] find that teachers in their first or second year of teaching are associated with lower student test scores in Texas, but teacher education and certification have no systematic relationship with achievement. Jepsen and Rivkin [16] obtain similar results using grade-level data from California. Preliminary results from Clotfelter, Ladd, and Vigdor [6] suggest positive impacts of teacher experience and teacher licensure test scores on student achievement in North Carolina. Betts, Zau, and Rice [4] find mixed results for teacher characteristics using detailed individual-level data from elementary schools in the San Diego Unified School District.
The lack of significant effects for these teacher characteristics should not be interpreted as evidence that teachers have no impact on student achievement. Teacher quality, measured by 1 Although not discussed in detail here, there is also a substantial literature of the effects of teacher characteristics on achievement in secondary school. For example, see Ehrenberg and Brewer [8] , Ehrenberg, Goldhaber, and Brewer [9] , Goldhaber and Brewer [10] , [11] , Betts, Zau, and Rice [4] , and Aaronson, Barrow, and Sander [1] .
teacher fixed effects, has an important impact on student achievement in Rockoff [20] . In addition, Hanushek [12] , Murnane [18] , and Armor et al [3] find significant impacts of classroom fixed effects (i.e. combined impact of teachers and peers). Rivkin, Hanushek, and
Kain [19] find large effects for overall teacher effects measured at the grade level. In other words, teacher quality may be important, but it is not well captured by levels of teacher experience, certification, and education.
This paper extends the literature by utilizing an extensive teacher survey to look at the relationship between teacher characteristics and student achievement. 2 In addition to the teacher characteristics readily available, such as experience, the survey also contains information on teacher enthusiasm, classroom resources, computer use, and amount of homework assigned. The teacher data are linked with student panel data for over 10,000 elementary school students in each of two cohorts.
The first part of the analysis considers the potential impact for teachers. Fixed effects at the classroom level explain roughly 25 to 40 percent of the within-student variation in test score growth. These sizable effects -consistent with earlier findings in the literature -suggest an important role for peers and teachers. However, the results show few significant links between student achievement and observable teacher characteristics, especially for the first-grade cohort.
For the fourth-grade cohort, there is weak evidence that teacher experience is positively related to student achievement. Student achievement is not adversely affected if a teacher is not fully credentialed or if a teacher does not have post-graduate education. The results for more detailed teacher survey items vary by subject and grade level. For example, teacher enthusiasm is negatively associated with classroom effectiveness in mathematics, but the effects for reading are insignificant. Overall, the results demonstrate that the attributes of high-quality teachers are difficult to measure.
Data
The data for this paper come from Prospects, the Congressionally mandated national study of the Title 1 program (formerly known as Chapter 1), which provides additional resources for at-risk students. The Prospects database contains two cohorts of elementary school students:
first-grade students in the fall of 1991 and third-grade students in the spring of 1991. The database for each cohort of Prospects students is quite extensive. Each cohort originally contains over 200 schools and nearly 10,000 students. Public school districts and schools were carefully chosen to provide a representative sample of the schools and students receiving Title 1 funding, rather than to provide a nationally representative sample of all primary schoolchildren. 3 Within each school, if grade enrollment is under 150, all students in the grade are included in the baseline survey in 1991. Otherwise, every student in four classrooms (chosen at random) is chosen. Follow-up data for each student were collected in each spring through 1994. between grades also drops as the grade level increases. 5 Unique student identifiers allow researchers to link the various data sources together to create a comprehensive student-level database.
As with all data, Prospects data have their strengths and weaknesses. The yearly panel of test scores from a low-stakes test in mathematics and reading is an advantage compared to statespecific high-stakes tests where teachers have incentive to "teach to the test." 6 The rich set of teacher characteristics extends far beyond the education, experience, and certification data that is the extent of most administrative data. For example, teachers also answered survey items on teacher attitudes, classroom materials, and teaching methods. 7 The structure of the data is better suited to analysis at the classroom level rather than the teacher level. Nearly all teachers are observed in only one classroom, so the measures of teacher effectiveness are based on only one classroom. If each teacher were observed with several 4 Due to financial constraints, only a subset of students who left the original schools completed follow-up surveys. Similarly, only a subset of students new to the original schools was surveyed. See Bryan [5] for more information. 5 For more information on the test scores, see CTB [7] . 6 NELS data are available every two years, and only contain two observations in high school (grades 10 and 12). 7 Unfortunately, the data on teacher major were not asked in all survey years. different classrooms (as in Rockoff [20] ), the effect of the teacher could be separated from the effect of the students (i.e. the peer effect). With only one classroom per teacher, such separation is not possible. Instead, the observed classroom effect is a combination of the teacher and the peer effects. Although the data contain a sizable number of classrooms, the sample size is far below what is available in state administrative data. Table 1 contains the descriptive statistics for teacher characteristics. 8 Nearly all students in the first-grade cohort have the same teacher for mathematics and for reading, whereas almost forty percent of students in the third-grade cohort have different teachers for the two subjects.
Average experience is around 14 years for both cohorts and subjects, but nearly 10 percent of teachers are in the first or second year of teaching. Over one quarter have only a bachelor's degree, and over one third have a master's degree or more. Very few teachers (6 to 8 percent)
are not fully certified.
Method

Overall Classroom Effects
Much of the literature on teacher characteristics focuses on the relationship between specific teacher attributes (such as experience or education) and student achievement. In general, the relationship between teacher characteristics and student achievement is weak, with few consistent findings (see Hanushek [13] ). The typical conclusion is that the attributes of a high-quality teacher are hard to measure. Implicit in this conclusion is that teachers are strong predictors of student achievement, but few papers other than Rockoff [20] and Rivkin,
Hanushek, and Kain [19] have attempted to test this assumption. 9 Using detailed teacher and 8 All descriptive statistics and student-level regressions are not weighted. 9 Again, an exception at the high school level is Goldhaber and Brewer [10] . student data from two contiguous districts in New Jersey, Rockoff [20] finds that individual teachers are strongly correlated with student achievement, but specific teacher attributes are much weaker, and -aside from teacher experience -are insignificant predictors. Rivkin,
Hanushek, and Kain [19] cannot match teachers with students, but their analysis of grade-level data in Texas reaches similar conclusions.
As mentioned above, separating the effects of teachers from those of peers is complicated in Prospects data, so the analysis in this section considers the combined effect of teachers and peers. 10 Specifically, the following equation is estimated for each cohort and subject:
In this student-level equation, Y is the growth in test score, where growth has been standardized to a mean of zero and a standard deviation of one. Consequently, the classroom fixed effects (C) should be interpreted in terms of their impact on standard deviations of test score growth. The model includes student fixed effects (α) to control for systematic (i.e. time invariant) studentspecific attributes such as race and ethnicity. In addition, i denotes students, j denotes classrooms, s denotes schools, and t denotes years. Table 2 contains descriptive statistics for the classroom fixed effects. The table shows that 10.6 to 13.8 percent of the classroom effects are significantly different from zero at the five-percent level. This number is small, but it is well above five percent, the expected percentage of significant fixed effects if these classroom effects were distributed randomly. Despite the low percentage of significant fixed effects, the classroom effects explain a substantial portion of the within-student variation in test score growth. The partial R-squared for the classroom fixed effects (not the student fixed effects) ranges from 0.269 in mathematics for the third-grade cohort to 0.414 in reading for the first-grade cohort. The R-squared for firstgrade cohort is higher than for third-grade cohort, likely because a higher percentage of students in the first-grade cohort have the same teacher and classmates for the entire school day (as shown in Table 1 ).
Specific Teacher Characteristics
The above analysis suggests that teachers and peers are important factors in student achievement, but it says nothing about how teachers affect achievement. Several studies consider the relationship between specific teacher characteristics and student achievement. The approach used to study teacher effectiveness uses classroom level data, building on the classroom fixed effect specification in equation (1) . In this specification, classroom effects are the dependent variable (i.e. the measure of teacher effectiveness), and the independent variables are teacher and student characteristics:
C jst is the classroom effect, TC jst is a vector of teacher characteristics for each teacher, and P jst is the effect of classmates, measured as the average lagged student achievement for the classroom.
The equation contains school (ρ s ) and year (µ t ) fixed effects. As in equation (1), j denotes classrooms, s denotes schools, and t denotes years. For simplicity, I combine TC jst , P jst , ρ s , and µ t into one vector (Z jst ), so that the equation can be re-written as:
The true classroom effect (C jst ) is not observed, but it can be estimated from equation (1).
The relationship between the true and estimated classroom effects is , where
and . Using these predict classroom effects, the following equation can be estimated:
.
Given the relationship between C jst and Ĉ jst , the estimated equation becomes: (5) .
Under the assumption that η jst and π jst are independent (for all j, s, and t),
. GLS is estimated to account for the heteroskedasticity in ν jst . Specifically, I
use weighted least squares with weights equal to A total of four regressions are estimated: one for each subject (mathematics and reading) and cohort (first grade and third grade). The goal of equation (5) is to investigate the determinants of effective classrooms, where effectiveness is defined as the classroom fixed effect. The main advantage of this approach is that the dependent and independent variables all are defined at the classroom level. State accountability systems often define success in terms of achievement at the classroom or school level, rather than in terms of individual achievement.
Because the model contains school fixed effects (ρ s in equation (2)), identification comes from within-school differences in teacher characteristics rather than from between-school differences. Hoxby [15] argues that using class size variables that do not control for betweenschool variation are biased given their likely correlation with unobserved changes in family background, and that logic applies to other teacher and classroom attributes. Year fixed effects control for time trends.
One concern with the analysis is that the assignment of teachers to classroom within a school is not necessarily random. Preliminary evidence from Clotfelter, Ladd, and Vigdor [6] suggests that the assignment of elementary school students within schools in North Carolina is based on student and teacher characteristics, whereas Rockoff [20] cannot reject the hypothesis of random assignment in his data from two contiguous New Jersey districts.
Appendix Tables 1 and 2 contain information on the within-school placement of teachers in Prospects data. The tables contain regression results from a series of regressions where teacher characteristics are the dependent variables, and student characteristics (measured at the classroom level) are the independent variables. Appendix Table 1 contains the results for the first-grade cohort, whereas Appendix Table 2 Teacher education, certification, and computer use are not related to student characteristics. The results for teacher-reported enthusiasm and adequate classroom materials depend on the cohort and subject. There is no evidence on non-random placement of teachers with respect to student income or race/ethnicity.
Prospects data are not ideal for a classroom-level model, as the database was designed to follow students rather than classrooms or teachers. Entire classrooms are only surveyed in the first year of the analysis (spring of 1991 for the third-grade cohort; fall of 1991 for the first-grade cohort). Although the students in these classrooms are followed up in subsequent years, each classroom in these years contains Prospects students and other students. Because the estimated classroom effects are based only on the Prospects students, the observed classroom effects are estimates of the true classroom effects. In order to test the robustness of the results, I also reestimate the second-stage equation where I exclude classroom effects that are based on fewer than six Prospects students. The results are generally similar to those reported in Tables 3 and 4; notable differences are discussed in the next section.
An alternative to the methods used here is hierarchical linear model (HLM), sometimes called a mixed model, which includes both fixed and random effects. These types of models are becoming increasingly popular in education because their error structure explicitly accounts for the nesting of observations in groups or hierarchies. Students are nested in classrooms, which are in turn nested in schools. However, this structure generally does not control for systematic variation. Instead, it parses the variation between levels, so that the researcher can estimate the amount of variation that occurs within students, within classrooms (but between students), and within schools (but between classrooms). In other words, the approach assumes that all the variance within a classroom (but between students) is due to classroom-specific factors, whereas a substantial portion is likely due to omitted student-level factors such as parental motivation.
Due to these concerns, an HLM approach is not utilized here.
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Results Table 3 contains the results for the first-grade cohort from the classroom level model in equation (5) . The dependent variable is the classroom fixed effect in either mathematics (the first three columns) or reading (the second three columns). For each test, the first column contains controls typically available in administrative data: class size, teacher experience, education, and certification. The second column adds teacher survey items, and the third also adds the lagged test score (in that subject) of the students in that classroom. Additional student attributes (measured at the classroom level), such as the percentage of nonwhite students, are too highly correlated with lagged achievement to identify a separate effect. Coefficients for teacher characteristics from a model including additional student attributes were nearly identical to those that contain only one student attribute, the lagged test score.
The general finding from the second-stage model is that teacher characteristics are not strongly associated with teacher effectiveness as measured by the classroom fixed effect. This finding is especially strong for reading effects, where none of the teacher characteristics is significantly different from zero at the ten-percent level. Teacher enthusiasm (measured on a three-point scale of how much the teacher looks forward to each day) is negatively associated with the mathematics fixed effect, with a modest effect of around 0.05 standard deviations. This effect could be the result of systematic assignment of enthusiastic teachers to "difficult"
classrooms, but the results in Appendix Table 1 show no relationship between student characteristics and teacher enthusiasm for mathematics teachers in the first-grade cohort.
However, this effect becomes insignificant when the sample is limited to classrooms with six or more Prospects students. Thus, this coefficient should be interpreted with caution.
In contrast, lagged class test scores are extremely strong predictors of classroom effectiveness. 12 A one-standard deviation increase in classroom test scores (about 80 points) corresponds with a decrease in classroom effectiveness of over 0.5 standard deviations. This negative impact is consistent with a "mean reversion" explanation. Students who have large gains in one year have smaller gains in the following year (and vice versa). The measure of peer test score is based on the subset of the current classmates who took the test in the previous year, so it is only an estimate of the actual peer test score. Hanushek et al [14] express concerns about the exogeneity of peer effects measured by one-year lags in test scores, so the lagged peer test score coefficient in Table 3 should be interpreted with caution.
The findings for the third-grade cohort, reported in Table 4 , show slightly stronger relationships between teachers and student achievement. When lagged peer test scores are included in the model (columns (3) and (6)), teacher experience is positively associated with classroom effectiveness, with an effect of 0.02 standard deviations for each year of experience.
For mathematics, the returns to experience are decreasing, as the experience squared term is 12 In contrast, Rockoff [20] finds insignificant effects of lagged test scores at the classroom level.
negative and significant. The overall effect 13 of a one-standard deviation increase in teacher experience (roughly nine years) corresponds with an increase in classroom effectiveness of 13 percentage points in mathematics and 8 percentage points in reading. Even though these results explicitly control for lagged test scores, they may overstate the causal effect of experience, as more experienced teachers may be assigned to classrooms with better students (Appendix Table   2 ). As with the first-grade cohort, lagged classroom level test scores are highly significant, negative predictors of classroom fixed effects.
The effects for the teacher survey items are different for mathematics and for reading.
For mathematics, teachers who believe that they have adequate classroom materials are associated with more effective classrooms, with an effect of approximately 0.15 standard deviations. 14 The results reported in Appendix Table 2 show no evidence that teachers' perceptions of adequate materials are dependent on the characteristics of their students. The classroom materials variable includes materials provided by the teacher or by students in addition to those provided by the school or district. Thus, the effect could be a proxy for motivated teachers or parents who provide additional materials when needed.
Increased homework is associated with a modest increase in mathematics achievement, although the effect is only significant when controlling for lagged peer test scores. Also for mathematics, enthusiastic teachers are associated with slightly lower effectiveness in mathematics of approximately 0.05 standard deviations. However, this effect is marginally significant at the ten percent level once I control for lagged peer test scores. This effect is not 13 The overall effect is the sum of the linear and quadratic terms for teacher experience. 14 Although it is a common belief that classroom materials are even distributed across classrooms within a school, personal communication with teachers suggests that some classrooms are much more appealing physically than others.
the result of assigning more enthusiastic teachers to low-achieving classrooms, however, as more enthusiastic teachers are assigned to classrooms with better students (Appendix Table 2 ).
Instead, the finding suggests that mathematics teachers are more content but less effective with high-ability classrooms.
As in the first-grade cohort, the effects of teacher survey items are weakly associated with reading test scores. The only significant effect is the negative impact of increased computer use (measured on a five-point scale) of 0.07 standard deviations. The effect of adequate materials is sizable and positive, but it is imprecisely estimated and therefore is not statistically significant from zero at the ten-percent level.
The specifications at the classroom level do not demonstrate a strong relationship between teacher characteristics and student achievement. The relationship is particularly weak for the first-grade cohort. For both grade levels, teacher enthusiasm is negatively associated with classroom effectiveness in mathematics. This effect does not merely represent the assignment of enthusiastic teachers to low-achieving classrooms, but it may represent other factors besides enthusiasm. Lagged classroom test scores also have a negative impact for both subjects and cohorts. One conclusion is that the determinants of classroom effectiveness vary across grade levels and subjects. An alternative explanation is that there is insufficient variation in teacher characteristics after controlling for student and school fixed effects.
Conclusion
There is a general belief that teachers are extremely important determinants of student achievement, but identifying specific teacher attributes that improve student performance is a difficult task. For years, data limitations hampered researchers' ability to identify exogenous variation in specific teacher characteristics. The recent availability of detailed administrative data in Texas, San Diego, North Carolina, and elsewhere provides new opportunities to study the effects of observable teacher characteristics on student achievement in elementary school. This paper contributes to this literature by utilizing an extensive teacher survey -in addition to administrative data -for a national sample of more than 10,000 elementary school students.
The analysis begins by investigating the underlying assumption that teachers are important predictors of student achievement. Using a simple student-and classroom-fixed effects specification, the set of classroom fixed-effects explain between 25 and 40 percent of the within-student variation in test score growth. In other words, classrooms matter. This finding suggests a large role for teachers and peers in affecting student achievement. This finding is echoed in recent work by Rivkin, Hanushek, and Kain [19] and Rockoff [20] .
The second portion of the analysis attempts to determine the specific attributes of teachers that lead to higher (or lower) achievement. Despite the availability of detailed teacher characteristics unique to Prospects data, few teacher characteristics have significant impacts on student achievement as measured by classroom fixed effects. The results are particularly weak for the first-grade cohort. For the third grade cohort, there is some evidence that teacher experience is positively associated with classroom effectiveness in both mathematics and reading, consistent with the findings in Rivkin, Hanushek, and Kain [19] ; Clotfelter, Ladd, and
Vigdor [6] ; and Rockoff [20] .
In addition, teachers who report that their classroom materials are adequate are associated with sizable gains in mathematics achievement of 0.15 standard deviations for the third-grade cohort. Although this finding suggests that classroom materials are related to achievement, there is the possibility that the teacher responses reflect a more general attitude concerning adequacy in the classroom than actual adequacy itself. For example, the correlation coefficient between the question on classroom materials and questions on the relationship with staff and parents are above 0.5. However, the insignificant or even negative impact of teacher enthusiasm -clearly an attitudinal question -suggests that teacher perceptions themselves may not be driving the classroom materials coefficient. Hopefully, future work with even richer data sets can separate the effects of classroom materials from teacher perceptions and attitudes.
Teacher education and certification, on the other hand, do not have significant impacts on student achievement for either cohort. Betts, Zau, and Rice [4] ; Rivkin, Hanushek, and Kain [19] ; and Rockoff [20] find generally insignificant effects of teacher education and certification.
The finding that smaller class size is not associated with higher student achievement does contradict the general finding of modest gains for smaller classes. 15 Perhaps the within-student variation in class size, roughly two students per class, is simply too small to identify a causal effect. Possibly there is no effect of class size on a low-stakes test in this national sample. There could be benefits to smaller class sizes, however, when teachers "teach to the test" in preparation for exams that are part of state accountability systems.
The findings from the Prospects data illustrate the importance of selected teacher characteristics in measuring teacher quality as defined by student achievement. The insignificance of most characteristics, especially those available in administrative data, shows that further work is needed in order to determine how teachers affect student achievement. 
